pyridine derivatives] were synthesized and characterized using LC-MS, IR spectroscopy, elemental analysis and magnetic measurements. Complexes show enhancement in antibacterial activity compared to free ligands. From the binding mode investigation by absorption titration and viscosity measurement, it is observed that complexes bind to DNA via intercalation and also complexes promote the cleavage of supercoiled pUC19 plasmid DNA. Cytotoxicity analysis shows 100% mortality of Brine shrimp after 48 h. 
Introduction
Recently, metal complexes as DNA interacting agents have been talk in medicinal inorganic chemistry (Fei et al., 2014; Zhao et al., 2011; Abou-Hussen and Linert, 2009; Patel, 2004; Wu et al., 2011; Khan et al., 2014) . DNA intrastrand cross-linking agents are found useful in treatment of cancers, psoriasis and various anemias. Several ruthenium complexes have been developed as an alternative to cis-platin as potential anticancer agents with lower toxicity than the platinum counterparts (Clarke and Keppler, 1993; Keppler et al., 1993; Clarke et al., 1999; Sava and Bergamo, 2000) . Large interest has been drawn toward the interaction of Ru(II) complexes containing planar polycyclic hetero aromatic ligands (Ji et al., 2001) . Studies on DNA-binding of the complexes are crucial in development of nucleic acid interaction, chemotherapy and photodynamic treatment (Huppert, 2008; Balasubramanian and Neidle, 2009; Georgiades et al., 2010) . Recently, ruthenium(II) polypyridyl complexes have been found to induce apoptosis in A549 cells (Bing-Jie et al., 2014) . Also, the main ligands of Ru(II)-polypyridyl complexes possess extended conjugated planar aromatic structures can insert and stack between the base pairs of DNA. Considerable effects are observed in the binding mode, sites and affinities upon slight changes in the molecular structures of Ru(II) complexes which provide the opportunity to discover important information on site-specific DNA probes. Therefore, studies on modifying the main ligand is quite significant for understanding the optical properties of DNA-binding and action mechanism of ruthenium complexes.
In continuation of our earlier work (Patel et al., 2014) , biological activity of the synthesized complexes was carried out by performing antibacterial, DNA binding, DNA cleavage and cytotoxicity study.
Experimental

Reagents and materials
All the chemicals were of analytical grade. Ruthenium chloride trihydrate, 2-acetylfuran, 4-chlorobenzaldehyde, 4-fluorobezaldehyde, 4-bromobezaldehyde, 3-chlorobenzaldehye, 3-fluorobezaldehyde and 3-bromobezaldehyde were purchased from Sigma Chemical Co. (India). Ethidium bromide (EB), bromophenol blue, agarose and Luria Broth (LB) were purchased from Himedia (India). Culture of pUC19 bacteria (MTCC 47) was purchased from Institute of Microbial Technology (Chandigarh, India).
Physical measurements
Perkin-Elmer 240 Elemental Analyzer was used to collect micro analytical data. Room temperature magnetic susceptibility was measured by Gouy's method. FT-IR data were collected by FT-IR ABB Bomen MB 3000 spectrophotometer. The 1 H NMR and 13 C NMR were recorded on a Bruker Avance (400 MHz). UV-Vis spectra of the complexes were recorded on UV-160A UV-Vis spectrophotometer, Shimadzu (Japan). Cleavage of pUC19 DNA was quantified by AlphaDigiDocä RT. Version V.4.0.0.
Synthesis of ligands
Modification of Krohnke pyridine synthesis (Krohnke, 1976) has been used for the synthesis of ligands [L 1 -L 6 ] (Scheme 1).
Substituted enone synthesized by the reaction of pfluorobenzaldehyde and p-methylacetophenone, was refluxed with pyridinium salt of 2-acetylfuran in presence of ammonium acetate for 6 h. The reaction mixture was allowed to cool at room temperature. 
Synthesis of 4-(
It has been synthesized using pyridinium salt of 2-acetyl furan and the enone prepared by the reaction between pchlorobenzaldehyde and p-methylacetophenone. 
It has been synthesized using the pyridinium salt of 2-acetyl furan and enone prepared by the reaction between m-chlorobenzaldehyde and p-methylacetophenone. Yield: 70%, mp: 78°C, Anal. Calc. 
It has been synthesized using the pyridinium salt of 2-acetyl furan and enone prepared by the reaction between mbromobenzaldehyde and p-methylacetophenone. Yield: 38%, mp: 88°C, Anal. Calc. .
Broth dilution method -an in vitro antibacterial study
The MIC informs about the degree of resistance of certain bacterial species toward the test compounds. MIC was performed by serially twofold dilution of the test compound added to two Gram (+ve) (Bacillus subtilis and Serratia marcescens) and three Gram (Àve) (Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus) and incubated at optimum temperature for 24 h. If after 24 h bacterial growth is observed double of the previously added concentration was taken for the test compounds in tube and incubated for 24 h again. A concentration at which no visible growth of bacteria is observed in the tubes is regarded as minimum inhibitory concentration (MIC) at which bacteria cannot defend against the test compounds.
DNA binding mode study
Binding mode of complex on interacting to DNA can be investigated by the alteration occurred in the absorption spectral titration. This titrimetric analysis was performed by varying the concentration of the HS-DNA with the addition of 100 lL of its aliquots in each successive addition in reference cell and sample cell, keeping the complex concentration constant, with the due correction for the absorbance of HS-DNA alone. Spectra were recorded after 10 min of incubation (Usharani et al., 2013) .
Further the confirmation of binding mode was done from the viscosity measurement technique. An increase in viscosity of native DNA upon binding of complexes is regarded as diagnostic feature of an intercalation process. The binding mode of Scheme 2 Reaction scheme for the synthesis of complexes. present compounds was investigated by taking the HS-DNA solution of 200 lM in Ubbelohde viscometer maintained in constant thermometric bath. The time for DNA alone (t o ) and for successive addition of the complex (t) were monitored.
BSLA -In vitro cytotoxicity assay
All the complexes were screened for in vitro toxicity using the protocol of Mayer et al., as an initial step for the discovering new drug. This method allows the use of fewer amounts of test compounds and permits a large number of samples and dilutions within a shorter time for analysis. From these stock solutions of 1000 lg/mL; a set of 2, 4, 8, 12, 16 and 20 lg/mL was prepared. Three such replicates for each test compounds along with the control containing DMSO alone were prepared. After 24 h the number of survivals was counted (Meyer et al., 1982) . A graph of log of concentration of samples was plotted against percentage of mortality of nauplii (Islam et al., 2007) . The LC 50 value is the antilogarithm of [complex] corresponding to the 50% mortality.
DNA nuclease profile
Gel electrophoresis technique is widely used to study the cleavage of DNA by the action of test compounds. Isolated pUC19 DNA was subjected to agarose gel electrophoresis to investigate the cleavage ability of ruthenium(II) complexes. An aliquot of 10 lL pUC19 DNA and 5 lL ruthenium(II) complexes (1-6) were kept for incubation at 37°C for 4 h and electrophoresed after addition of bromophenol blue for 2 h at 100 V on 1% agarose gel using Tris-acetic acid-EDTA (TAE) buffer (pH 7.2). Ethidium bromide was added to TAE buffer as a staining agent. After electrophoresis the gel was photographed under UV illuminator. Quantification of DNA cleavage in terms of% cleavage is achieved from the gel electrophoresis experiment.
Results and discussion
Electronic spectra and magnetism
The electronic spectra of all the complexes were obtained using DMSO as a solvent. Three distinct bands are observed in the range of 240-800 nm. The band in the range of 270-275 nm is the characteristic intra ligand charge transfer band as the extinction coefficient is found to be higher than 10,000 unit, which corresponds to the p-p * transition of ligands. The band around 385-410 nm is due to metal to ligand charge transfer band as the extinction coefficient fall in the range of 1000-10,000. The peak around 550-582 nm is due to d-d transition as the extinction coefficient is in the range of 100-1000 unit (Balasubramanian et al., 2007 (Gunasekaran et al., 2012) . But all the transitions are not observed in the actual spectrum as their intensities are very low. The electronic spectrum of complex-(I) is represented in the supplementary material. The magnetic moment of all the complexes is found to be zero indicating the absence of unpaired electron in a low-spin d 6 -configuration (t 2g 6 ) for Ru(II) ion in octahedral environment.
Infrared spectroscopic characterization of complexes
IR spectral data of free ligands (Section 2.3) are compared with their respective ruthenium(II) complexes (Table 1) Fig. 1 shows the TG curve for complex-(I) obtained at a heating rate of 10°C per minute in the temperature range of 0-900°C under N 2 atmosphere. No decomposition up to 130°C suggests the absence of water molecule in the complex. First mass loss (6.93%) in the temperature range of 130-240°C corresponds to loss of chlorine atoms. Second mass loss (51.11%) in the range of 30-590°C corresponds to the loss of triphenylphosphine moiety. The third mass loss (32.09%) in the range of 660-780°C corresponds to the loss of neutral bidentate ligand, thus leaving behind metal oxide as a residue.
Thermogravimetric decomposition analysis of complexes
Mass spectra
The mass spectrum of complex-(I) (Fig. 2) shows that molecular ion peaks at m/z = 1025.09, 1027.01 and 1029.05 are assigned to (M + ), (M + 2), and (M + 4), due to the presence Table 1 IR spectra of complexes. of two chlorine atoms. The peak observed at m/z = 990.12 is due to loss of one chlorine atom. The peak at 955.19 is due to the loss of second chlorine atom. Several other fragments at 898. 00, 748.09, 696.05, 693.12, 661.11, 626.08, 431.01, 364.02, 329.07 and 262 .07 m/z value are observed, which attributed to fragments associated with complex.
Broth dilution method -an in vitro antibacterial study
From the result represented in the supplementary material, it is concluded that complex-(I) is more potent than the rest of the synthesized complexes. The MIC value of the synthesized complexes is found to be higher than the reference ligands and metal salt, which symbolizes a very superior biological control of bacteria by the synthesized complexes. Figure 4 Effect on relative viscosity of DNA under the influence of increasing amount of complexes at 27 ± 0.1°C in phosphate buffer (Na 2 HPO 4 /NaH 2 PO 4 , pH 7.2).
DNA nuclease profile
The DNA cleavage can occur by two major pathways, i.e., hydrolytic and oxidative (Rabindra and Shilpa, 2010 Table 3 . The result clearly suggests that all the complexes cause the efficient scission of pUC19 DNA as compared to the metal salt (RuCl 3 3H 2 O).
Conclusion
The result of various physicochemical techniques matches well with the theoretically proposed structure of complexes. C, H and N elemental analysis of the complexes matches well with the theoretically proposed structure. Also the result of TGA shows that the decomposition of complex taking place in various steps, supports the percentage data of ligands and PPh 3 , indicating the coordination of these ligands to the central metal atom. The different fragment peaks observed in LC-MS spectra support the proof for the theoretically proposed structure of the complexes. MIC of Ru(II) complexes is compared with their respective ligands and it has been observed that the MIC values of complexes are found to be higher than the corresponding ligands, which may be due to the chelate effect causing increase in the lipophilicity of complexes compared to ligands and hence complexes can easily penetrate the lipid layer of bacterial cell wall and inhibit the bacterial growth. Complex-I binds more efficiently to the DNA than others and result of viscosity measurement reveals that complexes bind to DNA via classical intercalation mode. From the cytotoxicity study, it is found that LC 50 values of the complexes (10.93-16.78 lg/mL) are lower as compared to reference standard potassium dichromate (32 lg/mL) suggesting that complexes are significantly toxic at low concentration as compared to reference compound and their lower dose can inhibit the 50% of population of test species as compared to the higher dose required for the potassium dichromate. The DNA cleavage study of pUC19 shows that all the complexes show higher % cleavage data (61.09-88.26%) of supercoiled form of pUC19 DNA compared to the reference compound metal salt (21.97%) suggesting an efficient cleavage of pUC19 DNA by the synthesized complexes as compared to the reference compounds metal salt.
